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ABSTRACT 
Red abalone, Haliotis rufescens, were collected at Johnsons Lee, 
Santa Rosa Island, in the summers of 1978 through 1982, and in 
1984, to obtain data for determining various fishery population 
parameters. Annual visits to the study site were made at yearly 
intervals to simplify growth calculations. 
During the first four visits, 2145 red abalones were tagged, 
measured, and replaced. Shell damage, soft tissue injuries, and 
causes of mortality were noted. The method of tagging is 
described. 
Recovery of first tagged abalone after one year was approximately 
30%. Analysis of variance of the annual samples indicated 
that the samples were, with one exception, not different. 
Summaries are presented of the number of abalone collected and 
tagged by year, frequencies of shell damage, soft tissue injury, 
predatory sponge infestation, and total mortality. Appendices 
include a listing ofthe raw size data andvarious codes for each 
tagged abalone. 
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INTRODUCTION 
Data concerning the growth of red abalone, Haliotis rufescens, at 
Johnsons Lee, Santa Rosa Island (Figure l), was collected during 
six scuba diving surveys in July of 1978 through 1982, and in June 
of 1984. 
This study was conducted to satisify one of the recommendations of 
a report on the status of abalone in California presented to the 
Fish and Game Commission in 1975 (Burge -- et al. 1975). That 
recommendation was to "Initiate life history studies of red and 
black abalones in southern California including growth and 
fecundity rates to establish correct size limits.'' 
Previous studies of red abalone growth were conducted in northern 
California (Steve Schultz, pers. comm.), but since the late 1960s 
most commercial red abalone have been landed in southern 
California. 
Johnsons Lee was chosen because it is sheltered from the 
prevailing summer weather and contains a large stock of accessible 
red abalones, on an extensive rocky substrate, and supports a 
large bed of giant kelp, Macrocystis sp.. These factors enabled 
us to obtain adequate samFles of abalones during each collection 
period. 
The availabilityof alargevesselandanumberofdivers during 
the summerenabledus to plan singleannualvisitstothe study 
site. This provided a sampling interval of one year, simplifying 
growth and mortality calculations and minimizing disturbance to 
the abalones. 
- - 
The studyplanincludedfivevisitstothesiteduringthesame 
week each year from 1978 to 1982. As a result, a series of five 
sets of data, each one year apart, would be available for 
analysis. However, a sixth visit was conducted in June 1984, to 
gauge any effects on abalone growth resulting from the strong El 
Nino condition in 1983-84. 
This report presents the raw data, methods used to collect it, 
and preliminary analysis. We are using the Technical Report Series 
to publish the extensive raw data sothat it will be available to 
other researchers and interested individuals. A comprehensive 
analysis is in progress. 
METHODS AND MATERIALS 
Abalone were collected by scuba divers trained or experienced in 
handling abalone to minimize injury to the abalone during 
picking, transporting, on board handling, and return to the 
substratum. Six to eleven divers were used to collect abalone for 
this study. 
FIGURE 1. Location of Johnsons Lee, Santa Rosa Island. 
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FIGURE 2. The s t a i n l e s s  s t e e l  t a g  and t h e  method used t o  a t t ach  
it t o  t h e  abalone's s h e l l .  
Tagging an abalone 
abalone 
Duringthe firstvisita specific study site was chosenand 
the coordinates determined using visual shoreline cross bearings 
and Loran-C fixes. The vessel was anchored on this position 
during each subsequent sampling period. 
The study site was about 50 m in radius, and was representative 
of the larger reef system at Johnsons Lee. It consisted of a 
rocky reef with ledges, crevices, and turnable rocks and 
boulders. The relief was as much as 2 m in some parts. The 
depth varied from 10 to 15 m. The site was bounded by sand on 
the inshore (north) and east sides. Offshore (south) the site 
wasboundedbylowreliefrockandsand. The westboundrywas 
low relief rocky reef and sand patches. Giant kelp was abundant 
throughout the area. 
Divers swam from the vessel and collected red abalones larger than 
approximately 50 mm. These were taken to the vessel and held in 
flowing sea water until they could be measured, tagged, and 
returned to the collection site. A few abalone taken outside the 
collection area were also tagged and replaced in the study site. 
Length, (maximum shell dimension), and width (minimum shell 
dimension), were measured to the nearest mm with stainless steel 
vernier calipers. Some measurements were to the nearest 0.5 mm, 
but to maintain consistency, all measurements were truncated (to 
be conservative) to the whole mm. 
Shell chips and cracks, soft tissue damage, and the presence of the 
sponge Cliona spp. were noted. Severely injured abalone were not 
returned, because they might attract predators. 
Tags were constructed from a 15 mm square piece of stainless steel 
sheet, punched with a hole and stamped with a unique alpha-numeric 
code. Stainless steel wire (.032 in) of a composition similar 
to the tags (to eliminate electrolytic action) was twisted through 
the hole and trimmed leaving a long tail (Figure 2A). 
Abalone were tagged by threading the wire, shaped into a lfJ1l, 
through two completely formed anterior respiratory pores, 
pulling the tag snugly against the pore, and then wrapping the 
wire several times around itself at thebase ofthe tag (Figure 
2B and 2C). Excess wire was trimmed with wire side-cutting 
pliers. In some abalone, the mantle blocked the underside of 
the shell pores. Gentle nudging with the wire end caused the 
mantle to retract sufficiently to thread the tag, without damage 
to the soft tissues. 
Tagged abalones were held in flowing sea water until replanting. 
Divers carried abalones in net bags to the bottom, and 
individually replaced them on a suitable location. Each abalone 
was observed to assure that it had reattached securely. 
On subsequent visits to Johnsons Lee, similar abalone 
collection procedures were followed. All abalone, tagged and 
untagged, that could be found were collected, remeasured, and 
FIGURE 3. Percent recapture of abalone tagged during July, 1978 
to 1981. Numbers at 100% indicate number of abalone 
tagged. 
Year 
replaced. A piece of colored wire or plastic surveyorts flagging 
was attachedtothetag so it wouldnot becollectedagainduring 
the same visit. During the 1982 and 1984 visits no abalone were 
tagged, so only previously tagged abalone were collected for 
remeasurement. 
Three tagged abalone were recovered during the 1982 visit for 
which no data had been recorded. These abalone were not included 
in the analysis. 
The data are presented in tabular form (Appendix A) sorted 
according to tag number in ascending alpha-numeric order. 
Mortality of any of the tagged abalone was noted using a mortality 
code (Appendix B). The mortality date was assigned depending upon 
the type of mortality. In the case of abalone not returned (N) 
and tag mortalities (T), the year of the sampling period was used 
as the mortality date. These abalone were killed as a result of 
the sampling process, so their numbers should be subtracted from 
the total abalone replaced during that year. Only abalone not 
returned or returned and found dead later during the same survey 
were assigned an tlN1t or tlT1t respectively. If an alternate cause 
of deathcouldbedetermined fora replaced abalone, it was 
assigned to one of the other codes. 
For other mortality codes, the date assigned depended upon the 
time of recovery. If a tagged dead abalone was found during a 
survey it received the date of the survey. Mortalities recovered 
between surveys were assigned a date reflecting the year in which 
the next sampling period (July) would occur. The distinction in 
assigning mortality dates becomes important when various tag- 
recapture methods of population estimate determination are 
applied. 
RESULTS AND DISCUSSION 
A total of 2145 red abalone was collected, tagged, measured, and 
replaced (Appendix A and Table 1). The smallest abalone tagged 
was 33 mm and the largest222 mm. No one individual tagged 
abalone was seen in every sampling period. Four (0.19%) were 
remeasured in four visits, 8 (0.37%) in three, 137 (6.38%) in 
two, and 632 (29.44%) in one visit. 
The number of abalone collected during each visit is presented in 
Table lA, with the mean size, its standard deviation, and size 
range. Similar data is presented in Table 1B for only those 
abalone which were tagged during a visit. 
In order to compare year to year collections, these data were 
tested to determine if the annual collections were a 
representative sample of the population size structure at this 
site. One way analysis of variance tests (ANOVA) were used to 
test the null hypothese sthat the six means ofthe total tagged 
and untagged abalone (Table 1A) were equal, and that the means of 
only the first tagged abalone (Table 1B) were equal, at the 95% 
confidence level. 
The first ANOVA was significant, F-test ratio (d.f. = 0.5, 3231, 
0.5) = 28.57, indicating that the means are not equal. A Newman- 
Keuls Mutiple Range Test to determine what groups were 
significantly different indicates that there are four categories 
each with a different mean. We conclude that these samples would 
not be useful for any interpretation of the data. 
Another ANOVA was performed on just the first time tagged abalone 
for each year (Table lB), testing the hypothesis that the means 
of each year's sample is equal. The test again is significant, 
F-test ratio (d.f. = 3,2683; .05) = 11.04, and the results of a 
Neuman-Keuls test are ambiguous. The means of 1978, 1981, and 
1980 are statistically equivalent, and the means from 1980 and 
1978 are equivalent. The test cannot place exclusively the 1980 
data in either group. This ambiguity is not uncommon, and 
results from insufficient power of the multiple range test (Zar 
1984). 
Table 1. Number, Mean, Standard Deviation, and Size Range (mm) of Abalone 
Collected at Johnsons L e e  for 1978-1984 Wing Each Annual 
Collection Period. Part A is Total Number of Abalone Collected. 
Part B is the Munber of Abalone in Tagged Each Year. No Suwey 
Made in 1983. 
1978 1979 1980 1981 1982 1984 
................................................................... 
Part A. Total Abalone Captured (tagged and ~tagged). 
Mean 140.75 153.99 147.86 146.79 163.84 165.22 
S.D. 40.64 35.54 39.42 34.38 23.46 17.92 
Part B. Total Abalone Tagged. 
n 510 336 539 757 * 
Mean 140.75 147.92 142.81 141.16 
S. D. 40.64 37.59 40.07 35.21 
Range 33-217 45-222 47-212 39-203 
* No abalone tagged. 
Since all samples were drawn from the same site, this variation 
indicates differences in the way a sample was taken. Apparently, 
the data for 1979 was significantly affected by poor weather and 
sea conditions at the collection site. When using the data from 
the 1979 collection, one should be aware that the sample is biased 
toward larger abalone. 
Tagging 
No unusual shell or soft tissue reactionstothetags were 
observed during the course of the study. Some abalone were 
recovered with only the wire remaining. The tags were apparently 
caught in crevices or abraided off by the abalone's movements. 
Evidence from this and other tagging sites show that such tag 
loss is low and that tags can remain in place as long as 12 
years. 
The recovery rates of first tagged abalone were generally 
consistent, about 30% throughout the study, as can be seen by 
comparison of the recovery curves for each of the four tagging 
periods (Figure 3). The recovery rate of the 1979 tagged 
individuals is lower, probably because of the severe weather 
conditions that occurred that year. This resulted in a lower 
number tagged, and a higher mortality associated with picking, 
replacing, and a longer than usual time spent aboard ship. 
Injury 
Abalone cutting may contribute to significant mortality of 
sublegal sized abalone. Burge -- et al. (1975) found that cut 
abalone bleed profusely and losses of replaced cut abalone may 
approach 100%. This mortality is the result of predator or 
scavenger attack on the injured and weakened abalone. Soft 
tissue injuries are the direct result of the collection 
procedure, and may occur when the abalone is removed from the 
rock or transported back to the vessel. Soft tissue injury 
(Table 2) averaged 11.15%, which is somewhat higher than the 8.6% 
cut rate by commercial abalone divers (Burge et & 1975). The 
increased rate might bedue to our collectingabroad size range 
of abalone. Smaller abalone are fragile and often difficult to 
remove, making them vulnerable to cutting. Also, sublegal 
abalone are not likely to be included in measurements of cut 
rates of commercial divers. These injury rates indicate that 
abalone are cut frequently during picking, even by experienced 
persons. Inexperienced divers are more likely to cut abalone. 
These findings emphasize the importance of regulations designed 
to encourage people to measure abalone before taking them off the 
substrate. 
The injury rate for the 1979 survey is more than double the 
average, probably due to the poor weather and sea conditions at 
the collecting site that year. Poor conditions can cause a higher 
frequency of injury, when divers must contend with surge and 
current underwater. 
Table 2. Injury to Soft Tissues of Red Abalone Collected at Johnsons Lee by 
Year, n(%) . No Survey Made in 1983. 
1978 1979 1980 1981 1982 1984 
......................................................... 
Total collected 510 494 651 1032 412 13 8 
Light CUtS (L) 50 (9.8) gO(18.2) 63 (9.7) 76 (7.4) 7(1.7) 0 
Chipping 
The observed frequencies of chipping occurring along the anterior, 
lateral, and posterior of the shell are presented in Table 3. 
These chips may be caused by the force of the abalone iron on the 
edge of the shell during collection. Smaller abalone are chipped 
by arthropod predators, notably crabs and spiny lobster, Panulirus 
interruptus, both of which are known to feed on abalones. 
Table 3. Obsewed FYqumcies, n(%) , of Red Abalone Shell 
Chipping at Johnsons Ue. 
Total collected 510 494 651 1032 4 12 138 
Total chips llO(21.6) 92(18.6) 96(14.8) llO(10.7) 33(18.0) 2(1.4) 
Anterior chips (A) 93 (18.2) 75 (15.2) 85 (13.1) 103 (10.0) 31 (7.5) 2 (1.4) 
Lateralchips (L) 17(3.3) 16(3.2) 6(0.9) 6(0.6) 2(0.5) 0 
Posterior chips (P) 0 1 (0.2) 5 (0.8) 1 (0.1) 0 0 
Sponge Damage 
When the shell of an abalone is infested by the boring sponge, 
Cliona spp., it can cause deterioration and weakening so that the 
shell is easily damaged during picking. It may also affect growth 
by causing the abalone to secrete additional layers of nacre on 
the inner surface of the shell to repair sponge damage. Table 4 
presents the frequencies of boring sponge infestation which 
averaged about 7%. The presence of Cliona was not recorded 
during the 1 9 8 4  sample period. 
Table 4. Boring Sponge, Cliona spp., On the Shells of Red Abalone at 
Johnson Lee by Year, n(%). 
1978 1978 1979 1980 1982 1984 
Total infestation 34 (6.7) 43 (8.7) 48 (7.4)  94 (9.1)  11 (2.7)  0 
Medium (M) 16(3.1)  18(3.6)  lg (2 .9 )  24(2.3)  l ( 0 . 2 )  0 
Mortality 
A letter code in the "MCW column of Appendix A indicates that an 
abalone is known to have died. Where possible, a code representing 
the cause of death is assigned. The causes and their codes are 
defined in Appendix B. The frequencies of various causes of 
mortality of the tagged abalone are presented in Table 5 .  
Table 5. Known Mortality of Tagged Red Abalone at Johnsons Ice by Year (to 
02/01/86). * Indicates No Survey Made. An Additional 13 Abalone 
Mortalities Could Not be Placed in Any Year. 
Cause (wde) 1978 1979 1980 1981 1982 1983 1984 1985 1986 
Not re- (N) 21 2 2 7 2 0 25 
Tag mortality (T) 15 23 20 4 1 5 
Public return (P) 5 3 11 2 4 1 4 1 
Crustacean (C) 3 7 5 1 1 
Misc. borers 0) 
octopus (0) 
Fishes (F) 1 
Bat ray (B) 2 1 
Unidentified 0 1 7 36 37 68 14 6 
--- -- ---- ---- ---- ---- --- ---- ---- 
Total  38 60 74 115 103 6 2 3 12 1 
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APPENDIX A 
Appendix A is a printout ofthe raw data collected for red abalone 
at Johnsons Lee, Santa Rosa Island. The table includes data for 
the years 1978 through 1982 and 1984, and is current to January 
1985. All data is listed in ascending order of tag number (Tag 
no.). Paired columns are presented for each year's data. The 
year column contains the length (Ln) and width (Wd), both in mm, 
for an abalone seen during that year. The next column (Code) 
includes a code letter(s) if the abalone had soft tissue injury 
(I), shell chips (c), and/or boring sponge Cliona spp. 
infestation (S). An entry in the last column (Mort Code) of 
Appendix A indicates that that abalone is known to have died and, 
if possible, a cause is indicated. A summary of the mortality 
codes is listed in Appendix B. 
APPENDIX A - Johnsons Lee Red Abalone Raw Data 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code 
_________________--------,-------------------------------------------------------- 
B1 -- --- --- -- 169 134 --- --- --- --- --- --- 
B2 --- - --- --- 167 134 168 140 --- --- --- --- 
B3 --- --- --- -- 129 97 --- --- 147 119M 146 116 
B4 --- - --- --- 151 120 149 120 --- --- --- --- 
B5 -- --- -- - 125 102 --- --- --- --- --- --- 
B6 --- -- --- -- 120 88 --- --- --- --- --- --- 
B7 --- -- --- --- 127 10s --- --- --- --- --- --- u 
B8 --- --- --- --- 111 77 --- --- --- --- --- --- 
B9 --- --- --- --- --- --- 137 109 141 110 --- --- 
B10 --- --- --- --- 199 165 H--- --- --- --- --- --- 
B11 --- --- --- --- 163 137H --- --- --- --- --- --- 
B13 --- --- --- --- 106 78 A --- --- --- --- --- --- 
B14 --- -- --- --- 93 69M --- --- --- --- --- --- u 
B15 --- --- --- --- 179 138 185 142L A --- --- --- --- 
B16 -- -- --- --- 150 116 173 139 --- --- --- --- 
B17 --- --- --- --- 192 152 --- --- 194 152 --- --- 
B18 -- --- --- --- 154 122 --- --- --- --- --- --- 
B19 --- --- --- --- 128 98 --- --- --- --- 178 147 
B20 --- -- --- -- 79 57 A 96 72 --- --- --- --- T 
B21 -- --- --- --- --- --- --- --- --- --- 103 76 T 
B22 --- -- --- --- 153118L 168128L 183140 181 139 
B23 --- --- --- --- --- --- --- --- --- --- 159 123 
B24 --- -- --- --- 95 73 --- --- 143 115 152 120 
B25 --- -- --- --- --- --- --- --- 161 132 P 164 132 
B2 6 --- --- --- --- --- --- --- --- 124 99 A --- --- 
B27 --- --- --- --- 133 105 152 118 --- --- --- --- 
B2 8 --- --- --- --- --- --- --- --- --- --- 102 74 
B30 --- -- --- --- --- --- --- --- --- --- 113 89 T 
B31 --- --- --- --- 192 151 --- --- --- --- 202 160 
B32 --- --- --- --- --- --- --- --- 141 107 P --- --- 
B3 3 -- --- --- --- --- --- --- --- 132 107 A --- -- T 
B3 4 --- --- --- --- 109 82 --- --- --- --- --- --- 
B3 5 --- --- --- --- --- --- --- --- --- --- 112 81 T 
B3 6 --- --- -- --- 108 83 132 103 149 109 --- --- 
B3 7 -- --- --- -- 64 46 -- --- -- - --- --- 
B3 8 -- --- --- --- -- - --- -- --- --- 57 41 
B39 --- --- -- --- -- -- --- --- 194 164 P -- --- 
B40 --- -- --- --- 154 123 A 149 121 A 162 132 --- --- 
B41 --- -- --- --- --- --- --- --- --- --- 108 77 
B43 --- --- --- --- --- --- --- --- 54 41 A --- --- 
B44 --- --- --- --- 161 125 164 124 --- --- --- --- 
B45 --- -- --- --- --- --- --- --- 160 122M A --- --- 
B46 - --- --- -- 121 93 128 95 A --- --- --- --- 
B47 -- -- --- --- --- --- 77 57 --- --- --- --- 
B48 --- -- --- --- --- -- --- --- --- --- 73 51 
B49 --- -- -- --- 196 165 195 164 M193 163 --- --- 
B50 - --- -- -- 170 134 171 135 170 136 169 134 
B51 - --- --- --- 99 70 --- --- --- --- --- --- 
B52 --- - --- --- 207 165 -- --- --- -- --- --- 
B53 -- --- --- 154 128 156 127L G-- --- 165 132H 
B54 -- --- --- --- 130 98 - --- --- --- --- --- 
B55 -- --- --- --- 186 153 --- --- --- --- --- --- 
B56 --- - --- --- 137 112 --- --- --- -- --- --- 
AFTENDIX A - Johnsons Lee Red Abalone Data (cont. ) - 
Tag # 
B57 
B58 
B59 
B60 
B61 
B62 
B63 
B64 
B65 
B66 
B67 
B68 
B69 
B70 
B71 
B72 
B73 
B74 
B75 
B76 
B77 
B78 
B79 
B81 
B82 
B83 
B84 
B85 
B86 
B87 
B88 
I389 
B90 
B91 
B92 
B93 
B94 
B95 
B96 
B97 
- B98 
B99 
BlOO 
. BlOl 
B102 
B103 
B104 
B105 
B106 
B107 
B108 
B109 
BllO 
1980 code 1981 code 1982 code 
.................................. 
156 117 168 129 182 144 
200 160L - --- - --- 
119 89 --- --- --- --- 
200 159 - --- --- --- 
151 109 -- --- 162 127 
140 108 --- --- --- --- 
105 79 --- --- --- --- 
181 144 --- --- --- --- 
181 145 --- --- --- --- 
64 47 A --- --- --- -- 
120 90 --- --- --- --- 
71 50 --- --- --- --- 
123 93 A --- --- --- --- 
90 63 --- --- --- --- 
196 151 197 153 A --- --- 
116 89 --- --- --- --- 
124 92 --- --- --- --- 
80 59 --- --- --- --- 
107 80 P --- --- --- --- 
157 125 152 124H --- --- 
56 39A --- --- -- --- 
145 108 148 112 --- --- 
150 111 166 126 179 135 
89 66 --- --- --- --- 
145 110 155 117 --- --- 
118 88 --- --- --- --- 
54 37 --- --- --- --- 
101 79 --- --- --- --- 
52 41 A --- --- --- --- 
154 118 162 128L --- --- 
88 68 A 120 95 --- --- 
201 153 M--- --- --- --- 
99 79 112 88 127 100 
72 54 - --- --- --- 
187 151 M--- --- --- --- 
149 122 159 139 --- -- 
173 138M 180 147 184 148 
75 60 -- --- --- --- 
64 46 - -- --- --- 
92 69 -- --- --- --- 
152 125 --- --- --- --- 
170 12% A 165 124 --- --- 
133 102 156 125 171 140 
173 137 168 137H A --- --- 
164 126L A --- --- --- --- 
157 121 -- --- --- --- 
164 130 166 131 169 135 
169 133L --- --- -- --- 
194 171 ' 192 167 M--- --- 
143 1077 155 116 162 129 A 
171 139 171 139 M--- --- 
169 130 --- --- --- --- 
177 149 --- -- --- --- 
1984 code mc 
---------------- 
--- --- 
AFPEN'DIX A - Jahnsons Lee Red Abalone Data (cont.) 
Tag # 1978 code 1979 ccde 1980 code 1981 code 1982 code 1984 code mc 
A P P I W I X  A - Johnsons Iee Red Abalone Data ( a n t .  ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
ZGPmDIX A - Johnsons Ice Red Abalone Data ( a n t . )  
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 codem 
AEPENDIX A - Johnsons Lee W Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
APPENDIX A - Johnsons Lee Red Abalone D a t a  (cont. ) 
1978 code 1979 code 1980 ccde 1981 code 1982 code 1984 code mc 
..................................................... 
APPENDIX A - Johnsons Ice Red Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
APPENDIX A - Jahnsons Lee Red Abalone Data (cont. ) 
1978 code 1980 code 1981 code 1982 oode 1984 code 
APPRXIIX A - Johnsons L e e  Red Abalone Data (ant. ) 
1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
................................................................... 
-- - - --- 133 102 144 112 A --- --- --- --- 
- -- -- -- 131 10lL -- -- 158 122 --- --- 
- -- - -- 191 151 --- --- --- --- --- --- 
-- -- -- 7 130 104 146.114L 161 130 164 130 
APPENDIX A - Jdmsons Lee Red Abalone Data (cont.) 
Tag # 
----- 
B550 
B551 
B552 
B553 
B554 
B555 
B556 
B557 
B558 
B559 
B560 
B561 
B562 
B563 
B564 
B565 
B566 
B567 
B568 
B569 
B570 
B571 
B572 
B573 
B574 
B575 
B576 
B577 
B578 
B579 
B580 
B581 
B582 
B583 
B584 
B585 
B586 
B587 
B588 
B589 
B590 
B591 
B592 
B593 
B594 
B595 
B596 
B597 
B598 
B599 
M O O  
B601 
B602 
1979 code 1980 code 
-------- 
171 139 
- -- 
-- --- 
106 77 
- --- 
1981 code 1982 code 1984 code mc 
APPENDIX A - Johnsons Lee Red Abalone Data (~0nt. ) 
1978 code 1979 code 1981 oode 1982 code 1984 code mc 
........................................ 
176 137 179 139 --- --- 
172 134 --- --- --- --- 
179 142L --- --- --- --- T 
96 73 115 88 --- --- 
197 154 --- --- --- --- 
94 68 --- --- 141 104 
125 95 --- --- --- --- 
180 140L --- --- --- --- 
179 143 181 14lH --- --- 
111 87 A 124 102 --- --- 
109 88 --- --- --- --- T 
109 82 138 108 146 114 
102 77 A --- --- 130 95 A 
84 62 A --- --- --- --- T 
149 116 --- --- 169 135 
137 103 --- --- --- --- 
103 73 A --- --- --- --- 
101 78 A --- --- --- --- 
180 137 183 140 --- --- 
139 110 --- --- --- --- 
100 74 --- --- --- --- 
139 103L --- --- --- --- 
145 119L 160 127 --- --- 
118 88 --- --- --- --- 
58 44 -- --- --- --- 
115 90 129 103 --- --- 
124 91 --- --- --- --- 
103 76 --- --- --- --- u 
138 103 152 120 --- --- 
145 108 --- --- 167 140 M 
110 83 123 96 -- --- 
67 51 --- --- --- --- T 
171 137 --- --- --- --- 
135 100 --- --- --- --- 
125 94 -- --- --- --- N 
193 165 H--- --- --- --- 
147 112 --- --- --- --- u 
169 134 179 141 181 140 
162 126 --- --- --- --- 
191 140L --- --- --- --- 
125 100 --- --- 168 130 
64 47 A --- --- --- --- 
132 97 --- --- --- --- 
165 127 --- --- --- --- 
109 80 --- --- --- --- 
159 126 --- --- --- --- 
76 56 A --- --- --- --- 
129 100 148 121 148 122 
155 125 --- --- --- --- 
117 85 --- --- --- --- 
203 170 202 169 209 168 
191 147 --- --- --- --- 
181 141 --- --- --- --- 
1978 code 1980 code 
--------- 
-- -- 
1981 code 1982 code 1984 code 
.................................. 
154 121.L --- -- --- --- 
158 128M -- --- -- --- 
142 104 148 115 --- --- 
183 152 M188 153 M--- --- 
108 79 A --- --- --- --- 
176 133 --- --- --- --- 
106 73 --- --- --- --- 
167 137 - --- -- --- 
121 97 A --- --- --- --- 
121 9 1  137 103 --- --- 
146 113 --- --- --- --- 
103 77 --- --- 138 110 
176 138 --- --- --- --- 
175 141 H187 151 -- --- 
177 137 --- --- --- --- 
131 106 --- --- --- --- 
163 128 --- --- --- --- 
136 104 --- -- --- --- 
196 156 --- --- --- --- 
105 77 -- --- --- --- 
115 89 --- --- 156 122 
170 139 --- --- --- --- 
98 72 A --- --- --- --- 
96 70 -- --- --- --- 
130 94 149 110 --- --- 
138 110 A 165 133 --- --- 
163 127 169 131 --- --- 
68 49 --- -- --- --- 
139 104 165 128 --- --- 
143 109L 155 120 --- --- 
135 10l.L 154 119 --- --- 
145 117 -- -- --- --- 
115 82 144 103 --- --- 
115 86 -- -- --- --- 
142 118 175 144 A --- --- 
142 107 --- --- --- --- 
128 96 -- -- --- --- 
155 127 --- --- --- --- 
143 107 159 121 --- --- 
127 97 --- --- --- --- 
150 113 --- --- --- --- 
83 62 --- --- --- --- 
115 86 A --- --- --- --- 
198 155 H--- --- --- --- 
134 99 147 110 150 115 
110 92 -- --- --- 
140 105L --- --- --- --- 
201 157 M--- --- --- --- 
166 142 --- --- --- --- 
86 63 A -- -- --- --- 
169 136 --- -- 177 143 
122 9U-I --- --- --- --- 
190 157 --- --- --- --- 
APPENDIX A - Jdmmns Lee Red Abalone Data ( a n t .  ) 
Tag # 1978 code 
-------- 
- --- 
1979 code 1980 code 
----------------- 
-- - --- 
1981 code 1982 code 1984 code mc 
................................... 
123 95 --- --- --- --- 
184 144L 188 143 --- --- 
153 116 --- --- --- --- 
171 122 --- --- --- --- 
113 81 A --- --- --- --- 
172 143 --- --- --- --- 
186 159 H192 162 --- --- 
184 143 --- --- --- --- 
189 150 --- --- --- --- 
141 109 155 125 A --- --- 
193 150L H-- --- --- --- 
119 90 --- --- --- --- 
126 92 --- --- --- --- 
95 66 --- --- --- --- 
157 131 --- --- --- --- 
158 124 --- --- --- --- 
173 142 --- --- --- --- 
140 105 --- --- 170 136 
78 53 A --- --- --- --- 
164 136 --- --- --- --- 
165 118 --- --- --- --- 
107 80 --- --- --- --- 
148 111 --- --- --- --- 
104 79 --- --- --- --- 
175 135 --- --- --- --- 
149 116 --- --- --- --- 
150 119L --- --- 167 132 
171 135 H--- --- --- --- 
194 15lL --- --- --- --- 
150 111 --- --- --- --- 
174 133 --- --- --- --- 
166 138 --- --- --- --- 
105 81 --- --- --- --- 
112 80 --- --- --- --- 
62 44 --- --- --- -C- 
145 112 --- --- --- --- 
161 126 --- --- --- --- 
181 147 --- --- --- --- 
80 59 --- --- --- --- 
129 96 --- --- --- --- 
198 157L --- --- --- --- 
193 158 --- --- --- --- 
65 49 --- --- --- --- 
162 126 170 132 --- --- 
157 121 --- --- --- --- 
172 134 --- --- --- --- 
177 150 178 149 --- --- 
55 37 --- --- --- --- 
197 166 H--- --- --- --- 
150 123 --- --- --- --- 
163 130 H--- --- --- --- 
201 159 -- --- --- --- 
112 85 --- --- --- --- 
Tag # 1981 code 1982 code 1984 code mc 
AFPENDIX A - Johnsons I e  Red Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
APPENDIX A - Johnsons Lee Red Abalone Data ( a n t .  ) 
1978 ccde 1979 code 
,-----------1__---- 
-- -- 
1981 code 1982 ccde 1984 code mc 
APPENDIX A - Jahnsons Iee Red Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 codemc 
APPENDIX A - Johnsons Lee Red Abalone Data ( a n t .  ) 
1978 code 1979 code 1980 code 1981 code 1982 code 
.................................... 
-- --- 159 120 171 131 
--- --- 186 151 186 150 
-- --- 137 106 - --- 
- -- 179 136 185 140 
-- --- 196 158 H-- --- 
- --- 161 124 --- -- 
- -- 185 145 195 157 
- -- 182 147 -- -- 
- --- 170 146 187 154M 
--- --- 154 121 --- --- 
-- -- 166 131 - --- 
-- 188 158 196 164 
- -- 159 125L --- --- 
-- --- 173 137 A --- --- 
--- --- 202 167M H--- --- 
-- --- 160 123 --- --- 
1984 code 
------------ 
--- --- 
185 150 
--- --- 
--- --- 
--- --- 
APPENDIX A - Jahnsons Lse Fled Abalone D a t a  (cont. ) 
Tag # 1978 code 1979 code 
------------------ 
150 115 -- --- 
133 110 A -- --- 
168 129 -- --- 
76 59 A - --- 
173 140 -- -- 
124 93LA -- --- 
61 41 96 70 
170 133 182 140 
183 149L A M-- --- 
187 151 --- - 
113 86 - --- 
101 74 --- - 
142 104 -- --- 
142 110 - --- 
167 126 --- --- 
43 31 --- -- 
49 35 -- -- 
144 110 --- --- 
58 40 -- -- 
94 63L ----- 
111 82 --- --- 
131 99 - --- 
78 57 -- --- 
116 88 -- -- 
120 96L --- 
194 159 M--- - 
164 139 - --- 
188 147 -- --- 
184 158L --- - 
175 133 -- --- 
187 16lL H--- --- 
122 98 A --- --- 
191 156 -- --- 
143 114 A --- -- 
162 129 A 167 132L 
194 161 M----- 
135 111 A --- - 
181 141 186 150 
171 135 A 178 140 
146 116 --- -- 
151 113 -- --- 
87 69 --- --- 
197 159 --- --- 
173 141 180 149 
180 148 --- --- 
170 139 --- --- 
57 45 --- --- 
33 24 --- --- 
64 48 -- --- 
151 138 --- --- 
186 153L -- --- 
173 136 H--- --- 
152 120M --- --- 
1980 code 1981 code 1982 code 1984 code mc 
AEPENDIX A - Jchnsons Lee Fbd Abalone Data (cont.) 
1978 code 1979 code 1980 code 1981 code 
-- 
-- 
1982 code 
m I X  A - Johnsons Lee Red Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
m I X  A - Johnsons L e e  Red Abalone Data ( a n t .  ) 
Tag # 1978 cede 1979 code 1980 code 
-I__--------- ------------ 
B1388 189 153L 202 167 -- 
B1389 60 42 - -- -- - 
B1390 159133 -- - -- 
B1391 89 64 91 67 - --- 
B1392 132 100 -- - -- --- 
B1393 119 96 - --- 163 129 
B1394 132 107 A -- --- -- -- 
B1395 154 112 -- -- - 
B1396 61 39 - --- -- 
B1397 125 97 150 119 - --- 
B1398 97 74H -- - -- --- 
B1399 135 99L A 149 113H - -- 
B1400 146 105 --- - --- --- 
B1401 138 108 155 126L - -- 
B1402 110 86 A --- - -- --- 
B1403 151 116 A --- -- --- --- 
B1404 114 90H A -- -- --- - 
81405 202 16lM --- - -- --- 
B1406 124 89 A --- -- -- -- 
B1407 63 36 --- -- -- --- 
B1408 177 138 - --- -- 
B1409 138 105 --- -- --- --- 
B1410 143 141 A - --- - --- 
B1411 143 107 --- --- -- --- 
B1412 52 39 A -- -- -- --- 
B1413 147 116H - --- - --- 
B1414 119 91 133 105 -- --- 
B1415 -- -- 177 138L - -- 
B1416 77 56 A 104 78 133 98 
B1417 62 47 A - - -- 
B1418 108 80L - -- - -- 
B1419 108 83 134 101 157 122 
B1420 183142 193 155L - --- 
B1421 204 169 I3202 173 -- 
B1422 125101 M--- 154 128 
B1423 111 88 146 112L - --- 
B1424 179142 185 150M A - --- 
B1425 118 90L --- -- 117 88 A 
B1426 150 119 - -- - --- 
B1427 154122 185 147 198 153L 
B1428 72 58H -- --- -- --- 
B1429 131 99L 152114 - --- 
B1430 75 54 -- - --- --- 
B1431 108 81L 110 84 -- 
B1432 161 129 - --- - -- 
B1433 150 112 -- -- 
B1434 84 59 -- -- -- 
B1435 166 13lL 182 141 L --- -- 
B1436 159 12lL 178 137 181 145L 
B1437 61 43 - --- n- -- 
B1438 58 44M 100 73 A --- -- 
B1439 189 148 192 154 A - -- 
B1440 152123 -- - -- 
1981 code 1982 code 1984 code mc 
om- --- u 
-- --- 
-- --- N 
177 155 
-- --- 
--- --- 
--- --- 
--- -- N 
- --- N 
APPENDIX A - Johnsons Lee Red Abalone Data (ant. ) 
1978 code 1979 code 1980 code 1981 code 1982 code 
AEFENDIX A - Jdmsons Iee Red Abalone Data (cont. ) 
1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
.................................................................. 
APPENDIX A - Johnsons Lee Red Abalone Data ( a n t .  ) 
Tag # 1978 code 1979 code 
.--------------------. 
143 111 171 132 
151 121 168 133 
166 130 --- -- 
161 124 - --- 
160 120 A --- - 
170 128 186 142 
157 122M A - --- 
165 135 --- -- 
111 81 A 138 108 
125 93 -- --- 
117 90 --- -- 
114 86 --- --- 
98 73 - --- 
143 118 A 160 125 
135 93 -- --- 
140 106 --- --- 
99 70H --- --- 
151 115 -- --- 
142 111 --- -- 
179 150 A - --- 
122 94 -- -- 
116 89 A 160 122 
180 147 -- -- 
131 117 172 135 
129 99 A 160 127 
189 162 190 160H 
128 98 -- --- 
171 139 A --- --- 
122 96 --- -- 
176 151 A -- --- 
168 130 A --- --- 
108 78 - --- 
170 130 A --- -- 
196 133 - --- 
145 117 A 164 129 
153 124 A --- -- 
189 159 206 170H 
195 157 A --- --- 
153 118 -- --- 
117 94 -- --- 
121 91 --- -- 
113 89 142 114L A 
100 79 --- --- 
133 101 A -- --- 
116 84 --- --- 
165 133 --- --- 
194 163 203 164 
142 110 --- --- 
52 35 --- --- 
191 159 194 160L 
62 47 A 92 72 
183 149 194 159 
196 156 199 157 A 
1980 code 1981 code 1982 code 
.-----------------------. 
1984 code mc 
--------------- 
--- --- u 
AFTENDIX A - Johnsons Lee Red Abalone Data (cont.) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
APPENDIX A - Johnsons Lee Red Abalone Data (cont. ) 
Tag # 1978 code 1979 ccde 1980 wde 1981 code 1982 code 1984 code mc 
APPENDIX A - Johnsons U e  Red Abalone Data ( a n t .  ) 
Tag # 1978 wde 1979 code 1980 code 1981 ccde 1982 code 
------I___---------------------------- 
-- -- -- --- --- --- --- 
1984 code mc 
--em---------- 
-- --- 
APPENDIX A - Johnsons L e e  Red Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code me 
APPENDIX A - Johnsons Lee Red Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 wde 1984 code mc 
APPENDIX A - Johnsons L e e  Red Abalone Data ( a n t .  ) 
Tag # 1978 code 1979 aode 1980 code 1981 code 1982 code 1984 code mc 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
APPENDIX A - Jahnsons Lee Red Abalone Data (cont. ) 
Tag # 1978 code 1979 ccde 1980 ccde 
I------------------------------------ 
--- -- 152 114L 148 113 A 
--- -- 178 142 181 145 
--- -- 113 88L - --- 
-- --- 175 142L -- --- 
--- - 165 126 -- -- 
- --- 175 139L H--- --- 
--- -- 178 132 -- -- 
-- -- --- - - --- 
1981 code 1982 code 1984 code mc 
APPmDIX A - Johnsons Iee Red Abalone Data (cont. ) 
Tag # 1980 code 1981 code 1982 code 1984 code mc 
---------------- 
APPENDIX A - Johnsons Lee Red Abalone Data (cont. ) 
1978 code 1981 code 1982 code 
----------------------. 
185 143 A -- --- 
140 106 A --- --- 
99 74 A --- --- 
68 49 --- --- 
148 119 M--- --- 
117 87 130 98 
133 101 135 103 
146 113 --- --- 
134 99 A 137 101 
132 106 139 113 A 
64 47 A --- --- 
85 62 A -- --- 
123 92 --- --- 
165 128 --- --- 
125 94 A 124 95 
141 105 145 113 
173 139 172 137 
162 125 A --- --- 
85 59 116 86 
178 141 --- --- 
115 91 142 107 
148 115 --- --- 
172 148 172 147 
94 71 A --- --- 
72 52 --- --- 
183 147 --- --- 
73 50 --- --- 
189 148 H--- --- 
83 62 --- --- 
93 67 --- --- 
120 93 137 105 
72 56 --- --- 
110 82 114 88 
80 59 94 71 A 
130 96 152 116 
170 126 --- --- 
144 112 149 116 
193 153 191 155 
121 101 A -- --- 
187 150 -- --- 
156 120 --- --- 
158 120 --- --- 
125 100 140 112 A 
186 150 --- --- 
104 77 --- --- 
87 61 113 83 
82 63 --- --- 
77 57 --- --- 
191 151 H--- --- 
155 119 A 154 125 
87 64 --- --- 
138 101 A 157 120 
72 49 102 76 A 
APPENDIX A - J-ns L e e  Red Abalone Data (cont. ) 
Tag # 1978 code 1979 code 1980 code 1981 wde 1982 code 1984 code mc 
APPENDIX A - Johnsons U e  Red Abalone Data (cont. ) 
1978 code 
----------. 
1979 code 1980 code 1981 code 1982 code 1984 code 
......................................................... 
-- --- - --- --- --- --- --- 88 63 
--- - --- --- 134 101 155 121 --- --- 
- --- -- -- --- -- --- --- 127 93 
-- --- - -- 85 63 -- --- --- --- 
- --- - --- 149 119 166 130 - --- 
-- --- - --- --- --- --- --- 140 111 
- --- -- 195 149 --- -- --- --- 
--- -- -- --- --- --- --- --- 82 60 
-- --- -- --- 179 148 A --- --- --- --- 
--- --- --- --- 145 108 154 118 165 125 
--- -- --- --- 147 109 A --- -- --- --- 
--- --- --- -- --- --- --- --- 91 65 
-- --- -- --- 193 152 192 149 189 150 H 
-- --- --- --- 162 123 168 130 --- --- 
--- --- --- --- 157 125 164 130 --- --- 
--- -- --- --- --- --- --- --- 154 127 
--- --- - -- 142 110 154 119 --- --- 
--- -- --- --- --- -- --- --- 112 85 
- --- -- --- 173 134 170 133 H--- --- 
--- --- --- --- --- -- --- --- 153 109 
--- -- --- --- 158 129 --- --- 158 127 
--- --- --- --- --- --- --- --- 118 90 
--- --- -- --- --- --- --- --- 126 95 
--- --- --- --- 156124 H170139 --- --- 
--- --- --- --- 173 138 173 139 --- --- 
--- --- --- --- --- --- --- --- 179 155 
APPENDIX A - Johnsons Lee Red Abalone Data (cont.) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
APPENDIX A - Johnsons Lee Red Abalone D a t a  (~0nt. ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 code 1984 code mc 
APPENDIX A - Johnsons lke Red Abalone Data ( a n t .  ) 
Tag # 1978 code 1979 code 1980 code 1981 code 1982 oode 1984 code mc 
APPENDIX B 
Abalone Soft Tissue Injury Codes 
Code Description 
(Column 
L Light cut or abrasion to foot or epipodium 
M Moderate cut or abrasion 
H Heavy cut, slice or detachment of foot from shell 
Abalone Shell Chip Code (Column C) 
Code Description 
Chips on anterior edge of shell. May be caused by 
crustaceans 
Chips on lateral edge of shell. May be caused 
during removal of abalone 
P Chips on posterior edge 
................................................................. 
spp.) Infestation Code (Column S) 
Code Description 
Light infestation. 
Moderate infestation. Large area of shell covered 
with bore holes. 
Heavy infestation. Majority of shell with bore 
holes, weakening shell 
................................................................. 
Abalone Mortality Codes (MC) 
Code Description 
Not returned. Severe collecting and/or handling 
damage to shell or soft tissue which would preclude 
survival. 
Tag mortality. A recently replaced abalone found 
dead with no other apparent cause of death. 
Public return. An abalone reported by the general 
public as having been picked or the shell found. 
Crustacean. ~ortality by crabs or lobsters. 
Indicated by small chips and breaks (often paired) 
on the edge of the shell. 
Drill holes caused by boring molluscs, except 
octopus. 
Octopus mortality. An oval, funnel-shaped hole in 
the shell, either partly or fully drilled. 
Fish caused mortality, except bat ray. Shell 
clean and etched by fish's stomach acid. 
Bat ray mortality. Abalone shell crushed into many 
pieces. 
unidentified. Shell found without any indication 
of cause of death. 
